The present paper discusses the aspects of synthesizing palladium (Pd) doped (Pd +2 and Pd 0 ) poly(vinyl chloride) (PVC) using simple solution cast technique. The Pd loading to PVC was altered from 2.5% to 10.0% and the material properties were studied using UV-Visible spectroscopy (UV-Vis), X-ray diffraction (XRD), Energy-dispersive X-ray spectroscopy (EDX) and Field Emission Scanning Electron Microscopy (FE-SEM). Thermal behavior of all the samples were studied using thermogravimetric analysis (TGA) and Broido's method was employed to analyse the kinetic parameters involved in different degradation steps. All the composite films were sandwitched between disk shape gold electrodes; electrical contacts were established to study the dielectric properties. The influence of Pd loading on the dielectric properties of PVC were examined. Finally, the catalytic properties of Pd 0 composites were studied using standard model reduction reaction of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) in the presence of aqueous sodium borohydride and reported.
Introduction
Efforts to develop composite materials in order to achieve exceptional characteristics different from the individual components have been in practice from decades by scientific community [1, 2] . Polymer metal composites/nanocomposites have been spread their interest as catalysts in modern organic synthesis [3] , they have been widely used in aerospace and automobile industry, their properties are still being researched by tuning in electronic, sensors and catalytic applications [4] [5] [6] . Recent developments in solid ionic conductors, polymer electrolytes and intercalation materials have drawn keen interest from the researchers working in the field of plastic crystal ionic batteries, solid state galvanic cells and interfacial responsive sensory/electrical equipments [7] [8] [9] . In addition, the involvement of interfaces with metal composites play an important role in the regulation of composite properties [10] . Most of the thermoplastic polymers have widely been used in various fields from sensors to electrical equipment design due to their lightweight, ease of fabrication, exceptional processability, durability, and relatively low cost. Incorporation of various metallic oxides with thermoplastic polymers as polymer matrix have drawn profound applications in the removal of organic pollutants from water [11] and some of the metal doped polymers are used as matrix materials for ferroelectric composites [12] . Poly(vinyl chloride) (PVC) is one of the most commertially used thermosoftening plastic that have wide range of applications as fire retardants, corrosion resistance and electrical insulators. The miscibility and compatability of PVC with wide variety of organic/inorganic materials have been observed in differing mechanical and electrical properties from rigid to flexible compounds. Recently, the applications of reinforced PVC composites are preceded to new directions in the field of polymer science and technology [13] . Dieletric performances of PVC incorporated with ground tire rubber (GTR), calcium copper titanate, zinc additives, piezoelectric lead zirconatetitanate, silica nanocomposites, graphite, and mica were studied extensively for its optoelectrical applications [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Due to remarkable catalytic activity of palladium nanoparticles (PdNPs), various bimetallic combinations of PdNPs with gold, nickel and other transitional metals, and also with supramolecules have paid much attention in the reduction of nitrophenol reduction reactions [28] [29] [30] . To best of our knowledge, no systematic practical research has been reported so far on the Pd doped PVC films for heterogeneous catalytic applications. In this present work, we made a successful attempt to fabricate Pd doped PVC films and subsequent reduction of the films by ecofriendly trisodium citrate dihydrate solution. The doping of Pd in PVC matrix was varied from 2.5 to 10.0 % (Stochiometric weight %) and thermal degradation of Pd-PVC films were systematically characterized using TGA and sensitive graphical Broido'd method [31] to calculate the thermodynammical parameters of each degradation steps. The variation of dielectric properties (dielectric constant and loss factor) were measured using impedance analyzer. Morphology was examined using FE-SEM and catalytic performances for the reduction of 4-NP to 4-AP in presence of sodium borohydride was reported.
Materials and Methods

Materials
Palladium chloride, poly(vinyl chloride) (Mw ~233000), and trisodium citrate dihydrate were procured from Sigma Aldrich, Seoul, South Korea. All the other chemicals and solvents are of reagent grade and used without any further purification. HPLC grade water was used throughout the study.
Synthesis of Pd-PVC and PNC-PVC composite films
PVC films were doped with palladium (II) chloride (PdCl 2 ) in various concentrations, prepared at room temperature by simple solution cast method. The desired concentration of palladium chloride solutions (2.5, 5.0, 7.5 and 10.0 weight %) were prepared by using ice cold distilled water (800 µL). PVC (1g) was dissolved in 20 mL tetrahydrofuran (THF) at room temperature (22 °C), a known amount PdCl 2 solutions were loaded into the PVC solutions separately. The solution was stirred for 24 h at room temperature and the resulting homogeneous solution was cast onto a glass plate with the aid of a casting knife. The thin films were allowed to dry at room temperature for 72 h and vacuum dried at 50 °C for 15 h, the completely dried films were subsequently peeled off. The stoichiometric mass ratio of PdCl 2 with respect to PVC was varied as 0.0, 2.5, 5.0, 7.5 and 10.0, and the resulting thin films were designated as PVC, Pd-PVC-2.5, Pd-PVC-5.0, Pd-PVC-7.5 and Pd-PVC-10.0, respectively. The thickness of the thin films was measured at different points using peacock dial thickness gauge (Model G, Ozaki MFG. Co. Ltd., Japan) with an accuracy of ±2 µm and the average thickness was considered for calculation. The thickness of the membranes was found to be 345 ± 2 µm.
The Pd +2 doped PVC films (Pd-PVC-2.5, Pd-PVC-5.0, Pd-PVC-7.5 and Pd-PVC-10.0) were cut in to the dimensions of 250 mm x 250 mm and suspended in 50 mL of 1 mM solution of trisodium citrate solution for 1 h with gentle stirring. The obtained composite films were washed repeatedly with distilled water, gently wiped with clothing tissue paper and vacuum dried at 50 °C for 15 h. The resulting Pd nanocomposite PVC films were designated as PNC-PVC-2.5, PNC-PVC-5.0, PNC-PVC-7.5 and PNC-PVC-10.0, respectively.
Catalytic reduction of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP)
Catalytic performance of PNC-PVC-10.0 was evaluated for the model reduction reaction of 4-NP to 4-AP in a standard 10 mL quartz cell. Typically, 10 mL of aqueous 4-NP (0.1 mM) solution was mixed with 0.05 g of PNC-PVC-10.0, followed by the addition of 5 mL aqueous NaBH 4 solution (50 mM), and the time dependent UV-vis absorption spectra was recorded by VARIANEL08043361 UV-vis spectrophotometer (Varian, USA). The conversion of 4-NP to 4-AP was monitored every 4 min interval in a scanning range from 250 to 600 nm at room temperature (22 °C) .
The percentage catalytic efficiency of the catalyst in the reduction of 4-NP into 4-AP was calculated by the following Equation (1):
The rate constant of the catalytic degradation of 4-NP was calculated and it falls in the pseudo first order by using the Equation (2):
where t C is the concentration of 4-NP measured at time t, 0 C is the initial concentration of 4-NP measured at time zero.
Characterization of Pd doped PVC films
Pd doped PVC films were investigated using solid state electronic absorption spectra on a Perkin-Elmer UV-Vis spectrometer, model UV/VIS-35 (PerkinElmer, Inc., MA, USA). To understand the doping effect of Pd +2 and PdNPs content in PVC, thin films were subjected to powder X-ray diffraction study using Brucker's D-8 advanced X-ray diffractometer. The X-ray source was Ni filtered Cu Kα radiation. The diffraction was scanned in the reflection mode at an angle 2θ over a range of 5 to 90° at a constant speed of 8°/min. Similarly, the surface morphology of PNC-PVC were analyzed by using Ultra-High-Resolution Field-Emission Scanning Electron Microscope (FESEM, FEI, & Nova NanoSEM450) instrument operating at 25 kV. Thermal stability of PVC silver nanocomposites were investigated using thermogravimetric analyzer (Q500, TA instruments, DE, USA) in the range from 25 °C to 600 °C in a 50 mL/min flow of N 2 gas at a heating rate of 10 °C/min. Pd-PVC and PNC-PVC films were subjected to the dielectric measurements; films were sandwiched between two electrodes (gold plated) and analysed by impedance analyzer, model HIOKI 3352-50 HiTESTER Version 2.3. The electrical contacts were checked to verify the ohmic connection. The measurements were carried out at room temperature in between the 50 Hz-5 MHz. The dielectric constant ( ') was calculated using Equation (3) and dielectric loss (tan δ) was calculated using Equation (4).
where ' ' is the thickness of the polymer film and ' ' is the cross-section area, ' ο ε ' is the permittivity of the free space, ' " ε ' and ' ' ε ' is the permittivity (imaginary part) and permittivity (real part) of the material respectively. All these measurements were performed under dynamic vacuum.
Results and Discussions
Synthesis and Characterization of Pd-PVC and PNC-PVC composite films
Pd doped PVC with different PdCl 2 loading was fabricated at room temperature by adopting solution casting methodology. The desired PdCl 2 was dissolved in 800 µL of ice cold distilled water and added dropwise to the stirring PVC solution in tetrahydrofuran (THF) solvent. Pd +2 doped PVC films were chemically reduced using ecofriendly reducing agent, aqueous solution of trisodium citrate (1 mM), and repeatedly washed with water and vaccum dried at 50 °C prior to characterization. Figure 1 displays the portrait of Pd +2 doped PVC film with 10 weight % of PdCl 2 to PVC and its respective chemically reduced form (PNC-PVC-10.0).
Solid state UV-Vis spectra of Pd-PVC-10.0 and PNC-PVC-10.0 films were displayed in Figure 2 (a) , the spectra confirms the characteristic broad continuous absorption. Pd-PVC-10.0 showed a broad peak around 400 nm due to the absorption of Pd +2 ions. For the reduced sample (PNC-PVC-10.0), the peak at 417 nm was absent, indicating a complete reduction of Pd +2 ions to PdNPs. The FE-SEM and EDX spectrum of PNC-PVC-10.0 was displayed in Figure 3 (a) and (b) respectively, The morphology shown in Figure 3 (a) from which the average size of the PdNPs is found to be less than 100 nm with roughly spherical morphology. Elemental composition analysis by EDX presented in Figure 3 (b), which shows strongest signal near to 2.8 to 3 keV, which is the typical absorption pattern of metallic nanocrystalline Pd surface on PVC, also strongest signals for carbon and chlorine atoms of PVC were obtained, indicating the presence of PdNPs in PVC matrix.
The TG plots of PVC, Pd-PVC and PNC-PVC were displayed in Figure 4 , it was observed that the thermogram of PVC, Pd-PVC and PNC-PVC showed two major degradation steps with onset decomposition at 240 °C. The initial weight loss step started at around 240-340 °C was attributed to the dehydrochlorination in the PVC chains, leading to the formation of long polyene sequences in PVC chains [32] . Second degradation step is in the range of 410-460 °C can be attributed for the degradation of main PVC chains with conjugated double bands resulted from dehydrochlorination. It is observed that PNC-PVC films are moderately stable than Pd-PVC films, this is due to the availability of large number of Cl -ions in Pd-PVC films.
The free volume space in Pd-PVC was concealed by Cl -ions by doping PdCl 2 to PVC, which endures the faster degradation compared with PVC films. The chemical reduction of Pd-PVC films generates PdNPs on the surface of PVC, which slightly upsurges the stability of PNC-PVC compared to Pd-PVC material. Broido has developed a model and the activation energy associated with each stage of decomposition was evaluated by this method in order to find the kinetic and thermodynamic parameters for the each degradation step [31] .
Plots of −ln(ln(−1/ )) versus 1/ were developed for the decomposition segments of Pd-PVC and PNC-PVC films ( Figure 5) . From the plots, the activation energy ( ) and frequency factor (ln ) were evaluated. The enthalpy (Δ ), entropy (Δ ), and free energy (Δ ) have been calculated using standard equations and are summarized in Tables 1,  Tables 2, Tables 3 and Table 4 . Table 1 and 2, indicated activation energies for Pd-PVC-5.0 was higher compared to Pd-PVC-2.5, Pd-PVC-7.5 and Pd-PVC-10.0, signposting that the decomposition step is faster in case of all Pd-PVC films except Pd-PVC-5.0. This is because, higher the doping % of PdCl 2 , increases the content of Cl -ions in the PVC matrix, which in turn increses the rate of degradation step. However, the balance between Pd +2 and Cl -ions stabilizes the Pd-PVC-5.0 in maintaining the slow and moderate degradation rate in both the major degradation steps. The results of activation energies from Table 3 and 4 indicates that, PNC-PVC-10.0 undergoes degradation in a faster rate compared to all other PNC-PVC materials, this can be explained on the effect caused by the chemical reduction of Pd-PVC films. The chemical reduction of Pd-PVC films, results in the growth of PdNPs on the PVC surface rather than the bulk PVC material, signposting the observation of higher activation energy values in case of PNC-PVC-2.5 and PNC-PVC-5.0 compared to PNC-PVC-7.5 and PNC-PVC-10.0, this is because of the developed PdNPs on the PVC surface which stabilizes the rate of degradation step, the rate of degradation is also toggles between the presence of Pd +2 and Cl -ions inside the bullk of PVC. So, higher the content of Pd +2 and Cl -in PNC-PVC-7.5 and PNC-PVC-10.0 results in the faster degradation therein.
From the
The variation of dielectric constant and dielectric loss as a function of log (frequency) at room temperature for Pd-PVC and PNC-PVC films were displayed in Figure 6 . From the Figure 6 (a) plot it is evident that, there is a marginal decrease in the dielectric constant over the measured frequency range with respect to increase in the Pd +2 loading was observed. The dielectric constant increased with Pd +2 loading and reached an optimum value of 2.6 at 5% loading. The rate of decrease is larger at higher frequency region indicating quasi-DC (QDC) behavior [33] . As the frequency increases, pace maintenance and the orientation of dipolar groups with alternating field seems to be difficult, resulting in a continuously decreasing dielectric constant with increase of Pd +2 doping to PVC.
From Figure 6 (b), we can notify further decrease of dielectric constant for PNC-PVC films, this is because the Pd +2 ions are chemically reduced to Pd 0 on the surface of PVC, resulting not much contribution to the dielectric constant. The decrease in the dielectric constant can also be plained by the restriction of polarization mechanisms in the bulk of the material. Also, the density of dopant ions (Pd +2 , Cl -and Pd 0 ) in PVC matrix [34] . From Figure 6 (c) and (d), it was noted that loss factor of Pd-PVC and PNC-PVC films decreases with increase in frequency. There is a marginal increase in the dielectric loss with doping of Pd
+2
. Since, the presence of charge carriers in the PVC matrix increases by the sequential doping of Pd +2 , increases the dissipation factor was observed. For 2.5% doping of Pd +2 , the dissipation factor was below 0.5 at lower frequencies. A slight PVC chain entanglements and less hinderence for the movement of charge carriers were observed, resulting in minor increase in the loss factor on Pd +2 doping. In case of PNC-PVC, due to unavailability of Pd +2 ions at the PVC surface due to chemical reduction, PdNPs might hinder the movement of charge in the material causing slight decrease in tan δ component. Overall the loss factor is within the range of 0.25 to 0.3 for all the composite films at 1 Hz.
Catalytic activity
The model reduction reaction of 4-NP to 4-AP in the presence of aqueous NaBH 4 was studied in presence of catalyst PNC-PVC-10.0. Before starting the reduction reaction, the UV-Vis absorbance spectrum of 4-NP solution with NaBH 4 solution was recorded. The UV-Vis spectrum shows the λ max of 400 nm for 4-NP, in presence of catalyst PNC-PVC-10.0, arrival of another peak at λ max of 300 nm was observed due to the formation of 4-AP. The complete conversion of 4-NP to 4-AP was observed after 20 min. The reduction of 4-NP to 4-AP in the presence of NaBH 4 as a model reaction was depicted in Figure 7 (a) .
The apparent rate constant (k app ) and correlation constants (R 2 ) for PNC-PVC-10.0 were calculated using linear plots of Table 5 , the apparent rate constant (k app ) calculated for the reaction was 2.371 x 10 -3 sec -1 .
The catalytic reduction was carried out in a closed 50 mL glass vial. Typically, 100 mg of finely chopped (1 mm x 10 mm) PNC-PVC-10.0 films were inserted into the mixture of 10 mL of 0.1 mM aqueous 4-NP and 5 mL of 50 mM aqueous NaBH 4 solution, the rate of reaction drastically changes, the intense yellow color the reaction mixture (aqueous 4-NP and NaBH 4 solution) was diminished to colorless in 20 min (Table 5 ). The catalytic reduction reaction was monitored by time dependant UV-visible spectrophotometer. The mechanism involved in the reduction groups to convert it into amino (-NH 2 ) groups. The electron transfer from donor (BH 4̄ ions) to acceptor (4-NP ions) was facilitated by PNC-PVC-10.0 (heterogeneous solid catalyst).
PNC-PVC-10.0 shows considerable catalytic performances with exhibited apparent rate constant (k app ) 2.371 × 10 -3 sec -1 which was significantly higher than 1.5 × 10 -3 sec -1 reported for polystyrene based thermosensitive microgel encapsulated PdNPs reported by Mei et al. [35] .
Recently, Zhang et al. [36] in 2017, reported the catalytic activities of bimetallic Pt@Pd alloy cubic nanocomposites with reported k APP 2.0 x 10 -3 sec -1
. The k APP value reported by Adekoya et al. [37] for polyol based nanobimettalic Ag/Pd Polyvinyl pyrollidone composites was 1.9 × 10 -3 sec -1
at 90 °C. Esumi et al. [38] reported palladium nanocomposites of poly(amidoamine)s dendrimer k APP value of 17.9 × 10 -4 sec -1 . The k APP value reported here for PNC-PVC-10.0 was considerably close to the value 2.4 × 10 -3 sec -1 for 17 weight % PdNPs deposited on citrate-functionalized graphene oxide [39] .
Conclusions
A simple solution casting technique was adopted to fabricate palladium doped PVC composites from 2.5 to 10.0% (stochiometric). The thermal stability of all the materials were studied using TGA, using sensitive graphical Broido's method to evaluate thermodynamical parameters at each stage of thermal degradation steps. The PdNPs in the PVC matrix was confirmed by UV-Vis, XRD, EDX. The PdNPs in PNC-PVC-10.0 were studied using FE-SEM and it was found that PdNPs were uniformly distributed with size less than 100 nm. EDX elemental composition of PNC-PVC at any place of the film clears the uniform distribution of PdNPs. It was found that dielectric constant and loss factor for all the composites were marginally increased with Pd doping to PVC films. Since, Pd based self healing coatings are very familiar as anti-corrosion interfaces in automotive and aerospace engineering applications, proper tuning of noble metals and Pd coatings can be a useful candidate for electronic applications [40] . The article also highlights the catalytic performances of PNC-PVC-10.0 for a model reduction reaction of 4-NP using aqueous NaBH 4 solution. The calculated apparent rate constant (k app ) was 2.371 × 10 -3 sec -1 at room temperature, the correlation coefficient (R 2 ) was found to be 0.956 for PNC-PVC-10.0. Our results demonstrates that these PNC-PVC films are ideal materials as heterogeneous catalysts and prove their potential applications as nanocatalysts in industrial catalysis.
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